Abstract. Rehabilitation using the
Introduction
According to the World Report on Disability published by the World Health Organization (WHO) in 2011, more than one billion people worldwide live with some kind of disability. Thus, the international convention on the rights of persons with disabilities highlights the need for rehabilitation, in order to win as much autonomy of physical, mental, social and professional as well as the inclusion and active participation in society. Therefore, services and programs for rehabilitation should be expanded, in addition to continued learning and professional teams (Ministério da Saúde, 2013) .
Rehabilitation aims to recover some dysfunction of the human body through physiotherapy exercises (Orlin et al, 2014) . This involves the action of performing therapy interventions with or without the assistance of the physiotherapist in order to minimize the cognitive and physical problems of the patient. Nowadays, these interventions are being offered with technological support, such as the use of Kinect technology. This technology has been widely used for providing accurate data on the movement of patients in the recovery of locomotors control environment (Chang et al., 2013; Ibarra et al., 2013) or cognitive rehabilitation (González-Ortega et al., 2014) . The main advantages of this technology are the portability, ease of use, inexpensive price and, especially, the possibility of system development whose patients could do the exercises in their respectively home. The patient's results would be sent to doctor through a web portal, decreasing the medical cost, infrastructure and human resources. However, those advantages do not always bring motivation for the patient, because he or she would still be under intense and repetitive exercises. It may affect the patient treatment by decreasing their interest in performing the exercises. However, the use of systems for the purpose of entertainment and/or education (e.g. Serious Games) can make patients forget the rehabilitation movements and increase their motivation. Studies on rehabilitation using Kinect for educational purposes have not been widely explored, in spite of its importance. There are few studies in exploiting the gain of rehabilitation along with learning a new concept. This paper presents the results of a systematic mapping study in order to investigate the rehabilitation with the use of kinect technology form educational purpose. Systematic maps are a way to categorize and synthesize existing information about a particular area of interest, answering impartially of research questions (Petersen 2008 ). This paper is organized as follows: Section 2 presents the research methodology, the definition of research questions and the conduct of search activities. Section 3 shows the classification of the studies, and Section 4 presents the results of this mapping and the answers of our research questions. In Section 5, it is discussed an outlook on the education using kinect for rehabilitation. Section 6 discusses possible threats to validity, and finally, Section 7 presents the conclusion of the paper.
The systematic mapping process
This study is based on the guidelines proposed by Petersen et al. (2008) and was conducted according to the following five steps: (i) definition of research questions (RQ), (ii) search for relevant primary studies, (iii) selection of primary studies, (iv) categorization of articles and (v) mapping and extraction of information that answers the research questions previously established. These steps can be applied sequentially and executed several times as required. When all steps are completed, the end result is the systematic mapping.
The research questions must embody the mapping study purpose. Since we aimed at determining how rehabilitation using Kinect has been investigated and the productivity of researchers, our five research questions reflect this purpose as follows:
RQ1:
What are the main disabilities types most investigated for rehabilitation systems using Kinect? Based on these questions we defined the inclusion and exclusion criteria. These criteria are important to identify relevant primary studies that answer the RQs. We determinated the following inclusion criteria:
 If multiple articles show similar studies on the same investigation, only the most recent should be included.
 If there are multiple versions of the same article, e.g. a short article and a complete article, the most complete should be included.
 Articles that describe the development or analysis of the use of Kinect for therapy or rehabilitation for any disability.
And the following exclusion criteria:
 Articles that have no relationship with rehabilitation or therapy using Kinect should be excluded.
 Studies not in English should be excluded.
 Technical reports, documents that are available in the form of short articles or presentations/slides and secondary studies (reviews and systematic mappings of the literature) should be excluded.
The search string used in the academic databases was constructed in two parts, and formatted according to the rules of each database, as follows:
("physical disability" OR "mental disability" OR "physical therapy" OR "physiotherapy rehabilitation" OR "physically handicapped" OR "mental handicapped" OR "motor rehabilitation" OR "accessibility") AND Kinect
The authors chose to use search strings in English due to the preference for indexed articles in the consolidated databases. The first part of the string is related to disability and therapy, while the second part covers studies related to Kinect technology. No particular field (filter) was used to limit the search, for example, date of publication.
The research of primary studies was performed in the period between 04/19/2015 and 04/25/2015. The searches were conducted at major electronic databases, all considered likely to return relevant studies in Computer Science, Education and Educational Research (Dybå et al., 2007) . Initially, 156 primary papers were retrieved. However, 69 papers were duplicated, resulting 81 candidate papers. After applying the inclusion and exclusion criteria based upon title and abstract, we obtained 51 candidate papers. Finally, after reading introductions and conclusions, we ended up with a final set of 50 primary papers as shown in Table 1 . The complete list of these papers can be obtained at https://goo.gl/iDkqWD. 
Digital Library Quantity

ACM Digital Library 18
Scopus 67
Web of Knowledge 34
Elsevier (via Science Direct) 3
IEEExplore 34
Total 156
Duplicates 69
Candidates 51
Final Selection 50 Figure 1 presents the primary studies clustered by date of publication. There has been a recent growing interest in research on rehabilitation environments using Kinect technology. Although the first publications appeared only in 2011, the number of studies on rehabilitation using Kinect increased six-fold from 2011 to 2014. Importantly, studies with kinect appear only in 2011, due the year that Microsoft released SDK for developing with Kinect. This result reveals that rehabilitation using Kinect technology is becoming a new research trend with room for new findings and improvements. 
Classification according to the study type
Aiming to answer RQ1 (What are the main disabilities types most investigated for rehabilitation systems using Kinect?), we classified each primary study contribution according to three characteristics: physical, intellectual and visual. These characteristics were based on the Brazilian' law 5.296 1 , which categorizes the disabilities type in physical, intellectual, visual, multiple and hearing. However, we did not identify any primary studied that could be classified in multiple or hearing category. In Figure 2 , we can observe that most primary studies present Kinect technology supports physical disability, within 40 studies (77%). Thus, we conclude that the answer to RQ1 is that physical disability has been mostly investigated with Kinect support in the rehabilitation. On the other hand, among the selected primary studies, visual disability is the stage of rehabilitation drawing less attention: only two primary studies, which accounts for only 4% of the selected studies.
Physical 77%
Intellectual 6%
Visual 4%
Not specified 13%
Figure 2: Categories of disability type
Physical
Our analysis shows that physical rehabilitation research has explored: (i) motor problems in general, which is responsible for 11 primary studies, (ii) wheelchair, explored in 4 studies, (iii) Cerebrovascular accident (CVA) with 10 studies, (iv) multiple sclerosis with 4 studies, (v) cerebral palsy with 7 studies, (vi) facial palsy, (vii) shoulder impingement syndrome and (viii) post-polio syndrome make up 1 study each.
From the Studies found for rehabilitation of stroke patients, eight of ten used Serious Game to support the rehabilitation. Serious Game is also extensively explored for the rehabilitation of people with multiple sclerosis, cerebral palsy, facial and impingement syndrome.
Intellectual
In this category we included all studied that proposed the use of Kinect in the rehabilitation for intellectual disabilities. The main disabilities investigated in this category were autism spectrum disorder and dementia. Ranatunga et al. (2012) explored the use of Kinect together with humanoid/NAO to assist in the rehabilitation of children with autism spectrum disorder. The therapist used the humanoid to teach body language, such as movement of hands and arms, in order to motivate the patient to participate and improve their motor skills.
Another study investigating the use of humanoid to motivate the rehabilitation exercises performing was proposed by Guneysu et al. (2014) . In this study, the authors proposed that children should mimic the movements of the humanoid for the rehabilitation of the upper body.
Most of the studies selected in this category exploit rehabilitation for children who have some dementia or autistic spectrum disorder (Ranatunga et al., 2012; . Williams, 2013; Guneysu et al., 2014; González-Ortega et al., 2014) . Of these, only two (Williams, 2013) have the system facing serious games and three (Ranatunga et al., 2012; Williams et al., 2013; Guneysu et al., 2014) 
Visual
The primary studies, which were classified into this category, investigated the use of Kinect for blind and low vision to exercise. Rector et al. (2013) proposed a system in which patients could participate in yoga classes. Once patients trigger the voice commands, the Kinect camera verifies the yoga posture and, if necessary, the system can give new instructions by voice to the patient, in order to improve or correct their posture. The target audience of this system was adults and was rated by 16 blind and low vision patients. When we remove the technology from the patient, they might find the exercise more difficult, which will decrease your physical activity.
Although the study by Brock and Kristensson (2013) is focused on visually impaired, rehabilitation is not addressed. In this study, the authors have investigated the use of Kinect to guide patients in different environments. The Kinect recognizes the obstacles and drives the echolocation to make sounds to the patient and inform him to divert barrier.
Analysis
In this section, we analyze the results of our mapping study. The purpose of this section is to give an overview of how Kinect has been used to support the rehabilitation. The information drawn from the selected primary studies is also used to answer our mapping study's research questions. Figure 3 shows a conceptual map on using Kinect physical and intellectual rehabilitation. They were separated into four distinct groups: system type, additional device, disability type, and body part. (i) System type: the kind of system in which the patient is interacting (e.g. serious games or physiotherapeutic exercises); (ii) Additional device: device besides Kinect used to assist the patient ; (iii) Disability type: the kind of disability that patient has and (iv)Body part: which part of body is studied.. 
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From Table 3 , it can be seen that most of the selected primary studies investigate upper body part rehabilitation (50%), which provided an answer to RQ2 (Which body parts the rehabilitation exercises are performed for?). We considered upper part as head, face, shoulders, arms and hands. In the other hand, the lower part is the less investigated, with only 5 primary studies (10%). A possible explanation, for the lack of studies on the lower body, is the need to use additional devices that assist in rehabilitation, since these devices are expensive and difficult to maintain. Through table 4, we can also identify what is the main system type in rehabilitation, which answers RQ3 (What are the main systems type of the rehabilitation system?). Serious Game, with 64% of all primary studies, is the most investigated system type. Serious games are usually used to increase the motivation of patients to perform the rehabilitation movements. Patients tend to be more attentive to carry out game tasks prone to make them forget the pain caused by the rehabilitation movements.. The primary studies classified as "Others" refers to studies that have no system for interaction. As an example, the authors of the study Brock and Kristensson (2013) use Kinect for the visually handicapped to locate themselves in the environment. Another example is the study of Gerling et al. (2013) in which the patient uses the Kinect for getting the wheelchair through gestures made by the head. Most primary studies do not use devices other than Kinect to aid in rehabilitation, representing 39 primary studies (79%), which provided an answer to RQ4 (What additional devices the rehabilitation systems usually use?). On the other hand, the most frequently used additional device is NAO/Humanoid with 4 primary studies (8%). The NAO/Humanoid was used for rehabilitation with autistic children and elderly people with motor problems, in order to increase motivation along the rehabilitation process. Table 5 shows the types of additional devices, which were classified into seven categories. Despite the large number of primary studies do not describe the age group rehabilitation systems have been developed (37%), at least, 20 primary studies presented rehabilitation systems aimed for adults, and that represents 38% of the studies. However, few studies investigate the rehabilitation using Kinect for the elderly (8%) and adolescents (6%). Table 6 shows the age groups in which the rehabilitation systems have been developed. 5. An outlook on the education using Kinect for rehabilitation
We believe that rehabilitation with Kinect using educational systems can promote benefits to the patient in two ways: first, improving their cognitive and physical capacity; and second, aiding them acquiring the new knowledge. Together, this approach and serious games have the potential to motivate patients and to diminish their discomfort and pain, when performing rehabilitation exercises, Among primary studies returned investigating the use of Kinect to assist in the rehabilitation of patients, only two studies have educational purposes (Table 7) . One is focused on physical rehabilitation (blind) and one for mental rehabilitation (autism spectrum disorder), which provides the answer to RQ1.1 (Among the systems for rehabilitation using the Kinect, what are the main disability type most investigated with educational purpose?).
Aiming to answer RQ5 (What are the main subjects investigated in rehabilitation systems with educational purpose?), we have identified the subjects investigated by the authors of the primary studies. Rector et al. (2013) proposes the use of Kinect for the purpose of yoga teaching positions for blind adult. In this system, the patient should perform physiotherapeutic exercises. Also, Ranatunga et al. (2012) investigates the use of humanoid/NAO to teach children with intellectual (autism spectrum disorder) problems to understand the parts of the human body. The authors used serious game in this study to motivate children to perform the exercises. Both studies found for educational purposes are directed learning extracurricular subjects. This means there is a lack of rehabilitation systems in order to teach traditional subjects (e.g. mathematics, geography, history) Our results indicate that there has not been so much interest in rehabilitation using Kinect for educational proposes. Although the investigation in this field is recent, only two primary studies were found in four years of research.
Threats to validity
To ensure an unbiased selection, the research questions and the inclusion and exclusion criteria were defined at the beginning of the mapping. However, a threat related to assessing the quality of the included studies cannot be ruled out, as the studies were selected without assigning scores. Another possible threat identified is the possibility that some relevant articles were not included due to the use of a limited collection of digital libraries. The classification system and elaborate categories also represent a threat to validity. As shown by Pretorius and Budgen (2008) , the best way to sort and categorize results is only obtained at the end of the selection. Furthermore, the grouping of studies in more than one category can represent a potential threat to assessing frequency and considering statistics in this mapping study.
Concluding remarks
The main purpose of our mapping study is to provide an overview of what has been investigated in the context of Kinect applied to rehabilitation. To fulfill our goal, we followed a systematic methodology, i.e., systematic mapping. We defined six research questions to be answered by our mapping Figure 2 ) to upper body part (RQ2 -see Table 3 ) with none additional device (RQ3 -see Table 4 ). We also identified that serious games are the most investigated system type for rehabilitation using Kinect (RQ4 -see Table 5 ). In the educational context, few studies have proposed the use of Kinect for rehabilitation with educational purpose, within only two studies, and one is for physical and intellectual rehabilitation (RQ1.1 -see Table 7 ). The subjects investigated in these studies were: teaching of yoga for blind people and teaching human body for autism spectrum disorder (RQ5 -see Table 7 ). purpose, which can bring us a conclusion: this is an important field and an opportunity of research.
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